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A METHOD AND A SYSTEM FOR SPEED CONTROL OF A ROTATING 
ELECTRICAL MACHINE WITH FLUX COMPOSED OF TWO QUANTITIES 

r^^f^^^ i^FPTTUFNCK -rr> «1.T ATFD PATFNT DOCTTMENTS 

The present document is based on published international patent application 
No. WO 99/29034. the entire contents of which being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

fif.lf1 of the Invention 

The present invention relates to a system and a method for the adaptation, 
optimization, and/or control of the speed of a rotating electric machine intended to be di- 
rectly connected to a distribution or transmission network. 
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r>i«^f.iission of the Rackgrgmd; 

The rotating electric machine which occurs in the present invention may be, for 
example, a synchronous machine, an asynchronous machine, a double-fed machine, an 
asynchronous converter cascade, an external pole machine or a synchronous flux machine. 

To connect machines of this kind to distribution or transmission networks, hith- 
erto transformers have been used for step-up transformation of the voltage to network 
level, that is, to the range of 130-400 kV. 

Generators with a rated voltage of up to 36 kV are described by Paul R Siedler, 
"36 kV Generators Arise from hisulation Research", Electrical World, 15 October 1932, 
pages 524-537. These generators have windings of high-voltage cable, wherein the insula- 
tion is divided into different layers with different dielectric constants. The insulating mate- 
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rial used is commonly formed of different combinations of three components, namely, 

mica, foil-mica, varnish, and paper. 

Now, it has been shown that by manufacturing windings of a machine using an 
insulated eleclic high-voltage conductor with a solid insulation such as used in cables for 
power transmission, the voltage of the machine may be increased to levels such that the 
machine may be directly comiected to any power network without intermediate transform- 
ers A typical operating range for these machines is 30-800 kV. 

The insulated conductor or high-voltage cable which is used in the present inven- 
tion is flexible and of the kind described in more detail in PCT applications SE97/00874 
(WO 97/45919) and SE97/00875 (WO 97/45847). A further description of the insulated 
conductor or cable is to be found in PCT-applications SE97/00901 (WO 97/45918), 
SE97/00902 (WO 97/45930) and SE97/00903 (WO 97/45931). 

In the device according to the invention, the windings are preferably of a kind cor- 
responding to cables with a solid extruded insulation which are currently used for power 
distribution, for example so-called XLPE cables or cables with EPR insulation. Such a ca- 
ble has an imier conductor composed of one or more strands, an imier semiconductor layer 
surrounding the conductor, a solid insulating layer surrounding the semiconducting layer, 
and an outer semiconducting layer surrounding the insulating layer. Such cables are flexi- 
ble which is an important property in this context since the technology for the device ac- 
cording to the invention is primarily based on a winding system where the winding is made 
with wires which are drawn back and forth a plurality of turns, that is, without joints m the 
coil ends which are required when the winding in the core contains stiff conductors. An 
XLPE cable normally has a flexibility corresponding to a radius of curvature of about 20 
cm for a cable with a diameter of 30 mm and a radius of curvature of about 65 cm for a ca- 
; ble with a diameter of 80 cm. The expression "flexible" in this context thus indicates that 
the winding is flexible down to a radius of curvature in the order of magnitude of 8-25 

times the cable diameter. 

The winding should be made such that it may maintain its properties also when 
being bent and when, during operation, it is subjected to thermal stresses. It is of great im- 
0 portance in this comiection that the layers maintain their adhesion to one another. Of deci- 
sive importance in this comiection are the material properties of the layers, above all their 
elasticities and their relative coefficients of thermal expansion. For an XLPE cable, for ex- 



ample, the insulating layer is of crosslinked low-density polyethylene and the semicon- 
ducting layers of polyethylene with soot and metal particles mixed thereinto. Volume 
changes as a result of temperature variations are absorbed entirely as changes in radius in 
the cable, and because of the comparatively slight difference in the coefficients of thermal 
expansion of the layers in relation to the elasticities of these materials, the radial expansion 
of the cable will be able to take place without the layers loosening or delamninating from 
each other. 

The material combinations described above are only to be considered as examples. 
The scope of the invention of course also includes other combinations which fulfil the con- 
ditions mentioned and which fulfil the conditions of being semiconducting, that is, with a 
mass resistivity in the range I-IO' Q-cm, and of being insulating, that is, with a mass re- 
sistivity greater than lO' Q-cm, respectively: " ' 

The insulating layer may, for example, be formed in whole or in part of a solid 
thermoplastic material such as low-density polyethylene (LDPE), high-density polyethyl- 
ene (HDPE), polypropylene (PP), polybutylene (PB), polymethyl pentene (PMP). cross- 
liiJced materials such as crosslinked polyethylene (XLPE) or rubber, such as ethylene- 
propylene rubber (EPR) or silicone rubber. 

The imier and outer semiconducting layers may have the same base materials but 
mixed with particles of conducting materials, such as soot or metal powder. 

The mechanical properties of these materials, primarily their coefficients of ther- 
mal expansion, are influenced to a rather slight extent by whether they are mixed with soot 
or metal powder or not. The insulating layer and the semiconducting layers will thus have 
substantially the same coefficients of thermal expansion. 

For the semiconducting layers, also ethylene vinyl acetate copolymer/nitrile rub- 
ber, butyl-grafted polyethylene, ethylene acrylate copolymer, ethylene ethyl acrylate co- 
polymer and ethylene butyl acrylate copolymer may constitute suitable polymers. 

Also when different layers of materials are used as a base in the respective layers, 
it is desirable for their coefficients of thermal expansion to be of the same order of magni- 
tude. This is true of the combination of the materials listed above. 
3 The materials listed above have quite a good elasticity which is sufficient for any 

minor deviations in the coefficients of thermal expansion of the materials in the layers to 
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be taken up in the radial direction of the elasticity such that cracks or other damage do not 
arise and such that the layers do not become detached from each other. 

The conductivity of the two semiconducting layers is sufficiently great to sub- 
stantially equalize the potential along the respective layer. At the same time, the conduc- 
tivity is so low that the outer semiconducting layer has sufficient resistivity to enclose or 

contain the electric field in the cable. 

Each of the two semiconducting layers thus essentially constitutes an equipoten- 
tial surface and the winding with these layers will substantially enclose the electric field 

within it. 

It is, of course, not excluded that one or several fiuther semiconducting layers may 

be arranged in the insulating layer. 
It is previously known to achieve a more efficient and flexible operation of hy- 
droelectric power stations/pump storage plants with, for example, VARSPEED generators, 
and that each turbine has an optimum working point, at which speed net head and water 
flow are adapted to one another to give maximum efficiency. For large machines, the speed 
may be controlled in several ways, for example by pole switching, stator supply and fre- 
quency adaptation through the use of frequency converters or of a sub- and supersynchro- 
nous converter cascade which feeds an asynchronous machine from two directions, that is, 
both via a stator and a rotor. The rotating three-phase rotor winding and the stationary fre- 
quency converter equipment for control of the rotor flux and hence the slip frequency for 
speed optimization take place via slip rings. 

Use of slip rings in speed optimization entails a number of disadvantages such as 
wear, fouling and hence increased maintenance costs. 

viTTiynyiAWV OF THF, TNVKNTION 
The object of the present invention is to solve the above-mentioned problems. 
This is achieved with a system for adaptation/optimization of the speed of a rotating elec- 
tric machine included in the system and with a method for speed control of a rotating elec- 
tric machine as described herein. The machine included in the system according to a first 
embodiment of the present invention has at least two electric windings, each of which is 
formed from at least one electric conductor, a first semiconducting layer arranged sur- 
rounding the conductor, an insulating layer arranged surrounding the first semiconducting 
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layer, and a second semiconducting layer arranged surrounding the insulating layer. In ad- 
dition the system has mechanisms which generate the resultant stator and air gap flux of 
the machine during operation, where the flux is composed of at least two vectorial quanti- 

ties. 

One advantage of the system according to the present invention is that no slip 
rings occur, which, inter aUa, entails simpUfied maintenance and no losses as a result of 
brush voltage drop. In addition, a rapid demagnetization in case of fault may be obtamed. 

An advantageous embodiment of the system is obtained in accordance with the 
invention in that the potential of the first semiconducting layer is essentially equal to the 

potential of the conductor. 

In comiection therewith, it is an advantage if the second semiconductmg layer is 
arranged to form essentially an equipotential surface, surrounding the conductor. 

An additional advantage in this comiection is obtained if the second semicon- 
ducting layer is connected to a predetermined potential. 

In comiection therewith, it is an advantage if the predetermined potential is ground 

potential. 

A further advantage in comiection therewith is obtained if at least two adjacent 
layers of the windings of the machine have essentially equal coefficients of thermal expan- 
sion. 

In connection therewith, it is an advantage if the conductor has a number of 
strands, of which at least some are in electric contact with one another. 

A further advantage in comiection therewith is obtained if each one of the three 
layers mentioned is secured to adjacent layers along essentially the whole contact surface. 

According to a second embodiment of the system according to the invention, the 
machine included in the system includes at least two electric winding, each of which is 
formed from a high-voltage cable having one or more current-carrying conductors, each 
conductor exhibiting a number of strands, a first semiconducting layer arranged around 
each conductor, an insulating layer of soUd insulating material arranged aromid the first 
semiconducting layer, and a second semiconducting layer arranged around the insulating 
0 layer. In addition, the system has a mechanism which generates the resultant stator and air 
gap flux of the machine in operation, which flux is composed of at least two vectorial 



quantities. 
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One advanutge of the .ysKm according .o the second embodiment of the present 
invention is that no sHp rings occur, which, inter alia, entails simplified maintenance and 
no losses as a result of brush voltage d^p. h, addition, a rapid dema^etization m case of 

fault may be obtained. 

An additional advantage in comtection therewith is obtamed if the msulating con- 
ductor or the high-voltage cable is flexible. 

in connection therewith, it is an advantage if the layers are an:anged to adhere to 
one another even if the insulating conductor or the high-voltage cable is bent. 

An additional advantage in connection ttterewith is Urat the flux-generatmg mem- 
ber has an extia winding arranged on the machine ^d ma^eti^tion equipment connected 
,o the machine, whereby one flux vector is generated via the extra winding and flte mag- 
netization equipment and one flux vector is generated via ^ ordinary winding of - 

chine. . 

In comrection U>erewith, it is an advantage if tite magnetization eqmpment 

15 contains a first ftequency converter. 

An additional advantage in tins com^ection is obtained if tire system furtitemrore 
has an auxiliary feeder connected to the firs, frequency converter and tire machme. 

in comrection titerewith, it is an advantage if the machine is formed from an asyn- 
chronous rotor, ^d if a>e auxiUary feeder has a stator winding and a permanent-magnet 
20 rotor connected to ttie asynchronous rotor. 

An additional advantage in comrection therewith is obtained if the system te- 
memtore has a transformer connected to tire first fiequency converter and tire anxrhary 
feeder, whe^ a>e tiansformer is comrected to a distribution busbar via a first cm=ur. 
breaker, and a second fiequency converter connected to tire transformer, where tire second 
„ ftequencyconverterisconnectedtothedistiibutionbusbarviaasecondcircmtbr^er^ 

In comrection ttrerewittt, it is an advantage if the windings are flexible and rf me 
mentioned layers make contact with one anotiier. 

An additional advantage in this comiection is if flte mentioned layers are of mate- 
rials witii such elasticities and such a relation between the coefficients of titermal expan- 
,„ sionofmematerialsti«.tiievolumcchangesofthelayers.causedby.emperatiirevana- 

tions during operation, are capable of being absorbed by tire elasticity of tite materials such 



*a, me layers remain in contac. with one another at ^ .empe^ture variation, whieh occur 

during Operation. 

In connection therewith, it is an advantage if the materials in the layers mentroned 

have a high elasticity. . j . 

An additional advantage in connection therewith is obtained if each semtcondnct- 

ing layer constitutes essentially an equipotential surface. 

The method acco«ling to a embodiment of the present invention for speed 
control of a rotating electric machine is apphcable to a machine which is intended to be di- 
rectly connected to a dUtribution or t«nsmission network. The machine is formed ftom at 
le^t two electric windings, e^h of which has a. least one electric conductor, a fl^ semr- 
conducting layer arranged surrounding the conductor, an insulating layer arranged sur- 
-sanding tB^first se«uconducti,,rVayer,^and-asecond semiconducting layer arranged^^ 

rounding the insulating layer. The metfrod includes d,e step of generating a. least two v^ 
torial quantities which constitute the resultant stator and air gap flux of .he machme dunng 

Operation. . . . 

The method according to a second embodiment of the present mventton for speed 

control of a rotating electric machine is applicable to a machine which is intended to be d.- 

r^tly comrected to a distribution or tr— on network. The machine has at least two 

electric windings, which are each formed ftom a high-voltage cable having one or mo^ 

.„ curr^rt-carrying conductors, whereby each conductor exhibits a number of sttarrds. a firs 

semiconducting layer arranged around each conduc^r. an insulating layer of sohd msulat- 

ing material arranged around the first semiconducting layer, and a second semrconductrng 

layer arranged around the insulating layer. The memod includes the step of generatmg at 

least two vectorial quantities which constitute the resultant stator and air gap flux of the 

25 machine dxiring operation. 

An advantage of the method according to the two embodiments of the present m- 
vention is d«t no slip rings occur, which, inter alia, entails simplified maintenance and no 
losses as a result of brush voltage drop. In addition, a rapid demagnetization in case of fault 
may be obtained. 

ta comrecUon therewith, an advantage is obtained if the method mcludes the fol- 

lowing additional step: 



. co„»oUmg a. leas, one of .he vecU,ria. fluxes wi* respee. .o phase position as well as 
a^pltode and speed of rotation relative .0 Ure flux genera^d and rotated by the con- 

necting network. i j . fv.^ 

A fWher advantage in eonnection therewith is obtained if tite method tncludes the 

following steps: ^ . , 

. generating a flnx vector via an extra winding, mounted on the stator of the machme, and 

magnetization equipment comeeted to the machine, and 
. generating a flux vector via the ordinary winding of tire machine. 

According to a tlrst aspect of the invention, ti>e rotating electric machme addrtion- 
ally includes an asynchronous rotor, whereby the flux contiol is used for speed-control of 
the machine m generator operating mode. 

-Accordmgto a'seco^d aspect of the invention; the rotatingelectricmachme 

additionally includes an asynchronous rotor, whereby tite flux control is used for spe^l- 
control of the machine in motor operating mode. 

According to a third aspect of the present invention, the flux control rs used to 
suppress the harmonic content of the stator voltage in tire ordinary stator winding of the 

According to a tourti, aspect of the present invention, the reactive magnetization 
current of the machine is injected via the extra winding, which makes possible control of 
the voltage of the m^hine on the ordinary winding of the machme both tor a non-mams- 
connected and a mains-connected machine. 

m comrectton tiierewith, it is an advantage if the rotating electiic machme fur- 
thermore includes a permanent-magnet rotor, connected to the asynchronous roU>r, for gen- 
erating magnetization current and other auxiliary power. 

Accordingtoatetheraspectofthepresentinvention.,hefluxcon.rol.su^for 

interruption-ftee change ftom generator operating mode to motor operating mode and vrce 
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versa. 



to connection ti,erewiti,, it U an advantage if the resultant flux in tite machtae is: 
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where *, is tire rotating flux o. ti-e si sMe of tire machine and is tire flux generated 

by the rotor current, whereby 
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<I>1 = <I'lmagn + ^Utator 

Where is the rotating flux generated by the current in the ordinary winding, whereby 
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the speed of rotation on O,,.., is dependent on the frequency of the network and the num- 
ber of pole pairs in the machine, and 0,^, is the rotating flux generated by the current m 
the extra winding, which flux is controllable with respect to phase position as well as am- 
plitude and frequency relative to the flux vector of the ordinary winding. 

An additional advantage in connection therewith is obtained if the vectorially cre- 
ated flux in the machine is controlled with the aid of the relative phase position as well as 
the relative amplitude value between the active and reactive current values of the ordinary 
. winding (54) and the extra winding (56). 



^HTFF pFSCP TPTiriN OF THF, DK AWIWGS 

The invention will now be explained in greater detail by the following description 
of preferred embodiments of the invention with reference to the accompanying drawings. 
15 Figure 1 is a cross-section view of a high-voltage cable; 

Figure 2 is a diagram which shows a system according to the present invention for adapta- 
tion/optimization of the speed of a rotating electric machine included in the sys- 
tern; 

Figures 3a and 3b are schematic figures which more clearly show the solution on principle 
20 for the system shown in Figure 2; 

Figures 4a and 4b are schematic figures which for the purpose of clarification show, re- 
spectively, the rotating fluxes and the electromotive force (EMF) induced in the 
rotor part in the system shovm in Figure 2; 
Figures 5 a, 5b and 5c are three diagrams which illustrate the principle of controVchange of 
the speed of rotation for the resultant flux in the machine in the system shown in 
Figure 2; and 

Figure 6 is a flow diagram of the method according to the present invention for speed con- 
trol of a rotating electric machine. 
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Figure 1 shows a cross-section view of a high-voltage cable 10 which is tradition- 
ally used for transmission of electric power. The high-voltage cable 10 shown may, for ex- 
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a„,p>e be a s^ndard XLPE cable 145 kV bu, wiftou, a shea* of scre^. The high-voUage 
cable 10 has an electric conductor, which may have one or more strands 12 of cm^ular 
cross section of, for example, copper (Cu). These strands 12 are arranged in the centre of 
the bigh-voltage cable 10. Around the strands 12 there is a ftrst semiconducung layer 14. 
Around the frrst semiconducting layer 14 there is an insulating layer 16, for example XLPE 
insulation. Aromrd the insulating layer 16 there is a second semiconducting layer 18. In the 
high-voltage cable 10 shown, the three layers 14, 16, 18 are designed so as to adhere to one 
another also when the cable 10 is bent The shown cable 10 is Hexible and this property ,s 
retained in the cable 10 during its service life. 

Figure 2 shows a diagram of a system according to the present invention for ad- 
aptation/optimization of the speed of a rotating electric machine included in the system. 
The s^tW20-includ«TOatirig electrtc-,n-achin*-22.A»U^^^^^ «> - 

distribution or transmission network 24. The rotating electric machine 24 has at least two 
windings, wherein each winding in a fl^ embodiment of the present invention contams at 
least one conductor, a first semiconducting layer arranged suxroundmg the conductor, an 
insulating layer arranged surrounding the first semiconducting layer, and a second semi- 
conducting layer arranged surrounding the insulating layer. According to a second em- 
bodiment of the system 20 according to the present mvention, the windings are each 
formed ftom the high-voltage cable 10 shown in Figure 1 . The system 20 additionally has a 
, member 26 which generates the resultant stator and air gap flux of the machine m opera- 
tion which flux is composed of at least two vectorial quantities. In addition, the system 20 
coniains magnetization equipment 28, comtected to the rotating elecMc machine 22, whrch 
in the shown example is in the form of a first ftequency converter 28. Comrected to the ro- 
tating elecMc machine 22 is an auxiliary feeder 30. h. addihon, the system 20 has a trans- 
.5 fomrer 32 for voltage adaptation, comrected to the firs, frequency converter 28 and the 
auxihary feeder 30. The transformer 32, m its turn, is connected to a distribution busbar 36 
via a firs, circuit breaker 34. to addition, the system 20 has a second firequency converter 
38 for auxiliary power generation, which second ftequency converter 38 is comrected, on 
the one hand, to the transfomrer 32 and, on the other hand, to the distribution busbar 36 vu 



30 a second circuit breaker 40. 

Figures 3a and 3b schematically show the solution on principle for the system 20 
shown in Figure 2. Figure 3a shows the rotor 50 and the stator 52, respectively, of the ro- 
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,ati„g eleoric machine 22. The s,a,or 52 is provided in ttaditional manner wift a teee- 
phase winding 54. also called ordinary winding 54 or main winding 54. In additron *e 
stator 52 is provided with an extta winding 56. When *e rotating electfc machme 22 rs m 
operation, a rotating flux among other things, is generated on the stator side, which flux 
*, rotates in tire direction of tire dotted arrow. Figure 3h shows a part of the system 20 
shown in Figure 2 which is of importance to the present invention. Again, the main wmd- 
ing 54 (three-phase) and tire extra winding 56 (tinee-phase) of tite stator are shown, the ex- 
trawinding 56 being cormcctcd to tire first ftequency converter 28. In addition, tire stator 
winding 58 (tirree-phasc) of tire auxiliary ferfer 30 (cf Fig. 2) is shown, which is also con- 
nected ,0 the fir« frequency converter 28. The rotating electric machine 22 (cf E.g. 2) 
additionally includes an asynchronous rotor 60 for tire main winding 54 and tire extra 
winding 56 of the stator. hr addition.-Figu,e-3b-shows-a permanent-magnet rotor 62 tn- 
eluded in tire auxiliary feeder 30 (cf. Fig. 2). The pcrmanent-magnet rotor 62 is connected 
to tire asynchronous rotor 60 so tirat tirese rotate togettrer. The system 20 may be used for 
adaptation/optimization of tire speed of a rotating electric machine 22 included in tire sys- 
tem 20 Thi. is achieved by composing the rotating flux a>, on tire stator side 52 (cf. F.g 3) 
ftom at least two flux vectors. One flux vector is generated in traditional manner vra the 
mam winding 54 of tire stator 52 and one flux vector is generated, via tire extra windmg 56 
of tire stator 52 and flte flrst ftequcncy converter 28. By contioUing tire flux vector. g«rer- 
ated via the extra winding 56 and tire fln. ftequency converter 28. witi. respect to phase 
position as well as amplitude and ftcquency relative to tire flux vector generated vra tire 
main windmg 54, tire angular velocity of tire total flux vector may rotate botir supersyn- 
chronously and subsynchronously related to tire flux vector generated via tire mam wmd- 
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Figures 4a and 4b schematically show tire rotating fluxes and tire EMF induced m 
tite rotor par,, respectively, in tire syst™ shown in Figure 2. Figure 4a again shows parts of 
tire rotating electtic machine 22 (cf Fig. 2) in tire form of tire rotor 50 and tire stator 52. As 
is also clear ftom Figure 3a. Ure stator 52 is provided witir a main winding 54 and an exti^ 
windmg 56. The rotor 50 rotates in tire direction of tire arrow A. The rotating total flux O, 
30 of tire stator 52 rotates in tire direction of tire arrow B witi, tire speed n«,. The total gener- 
ated flux for tire machine 22 in operation is 
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where *, is ^e routing flux on *e stator side, and is the flux generated by *e ro,or eur- 
rent. The rotating flux *, on the stator side may be expressed as follows 

Oi = ^itmgn ^istator 

where O,.^ is the rotating flux generated by the current in the main ^^"^r 
i. rotating and eontroUable flux. is generated via the extra wmdtng 56 of the s«^r 
52 ^d Ute firs. Wy converter 28. Figure 4b schematically shows the rotor 50. The 
rotating air gap flux induces a winding EMF, e_ in the rotor winding. The rotor cu^t. 

d^ven by the EMF e„„ gives rise to a torque Mv. T„e winding EMF e„ may be ex- 
pressed as 

e„toT = kl X <DiX (n„u>r- n<i>i) 

The torque "may be expressed as 

Mv = k2x<DiXl„tt„ 

where k, , k2 are constants. n» is the speed of the ro«>r 50, which may be changed and 
adapted for optimization of. for example, the efficiency of the bnbine. and n., . the speed 
of the rotating flux on the stator side, whe^by the speed may be changed and 

adapted for slip optimization. ; 

Figures 5a. 5b and 5c show three diffe^t diagmms which iUustrate me prmctple 
of control/Change of the speed of ...aHon for the resultant flux on dxe stator side in me 
machine 22 in the system 20 shown in Fi^e 2. Figure 5a shows how vanes wrth 
.he Uma t. The speed of rotation of depends on the frequency of the network (cf. F.g. 
2) and the number of pole pairs in the rotating electric machine 22. Figure 5b shows how 
O varies with the time t. The amplimde, frequency and phase position of are de- 
.eilred wi* respect to the desired speed of rotation of ....Figure 5c shows how the re- 
sultant rotating flux *, in the stator 52 varies with the time .. 

Figure 6 shows a flow diagram of the method according to tite pr^en. mventron 
for speed control of a rotating electric machine. The method according to the present m- 
ventL includes a number of steps which wiU be described below. The flow dia^ staris 
atblock 70. Tlte next step, at block 72, includes starting and com,ectingthe rotatmg elec- 
«ic machine 22 to the network (cf. Fig. 2). Thereafter, at block 74, at least ^vo vectortal 
Cuautities are generated, which constitute the resultant stator and air gap flux of the ma- 
chine in operation. Provided that there are two vectorial quantities, one flux vector «..„„ is 
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• ■ A- a^A of the stator 52, and one flux vector 0),^^ is generated 
generated via the main winding 54 of the stator ^z. Thereafter, at 

■ A- .'^f. of the stator 52 and the first firequency converter 28. Thereatter, 

::;::::::::^w:r.e.e.o..e.acM.^ 

(speed of rotation) relative to the flux generated and rotated by the 

rr:—e . b,o* 76 . — on o,h« hand, if *e answer . 
:ir:e::r— .„.oc.SX.b,o.S.^op.a«„nor*=n.a.b.e. 

. .„.enu!:es.o;o,.a.eofan,acb.e.^ep*c.,en«,beappUe..obo.,,nc.o. 

..,beltb:ben.a.n..e — npon.a«.np.awbenb.aM„..en»c.n= 

"°""pZu,ean^.a,ve,„ci^o.*efluxvec.„rgen...«.via*.e.«awin.in.. 

« „Ir!le«*e,ucncyconve.e.e,uipn,en.anahenceancp— op«- 
r:r:o:Lap.r.acban..^.e.=eacan^b,cban.eane.b^ 

^"^^'T..Uon,.be — c.a.e.n...en^>.cn.a.be.on^^^^^ 
30 ..o..e.a..pb.epo.ona.we„a3.e.a..a^«^^^^^^ 



aid oi me reiiiLivc^ F^^"^- r • j:«rr 

UveandreacUvecu^n. values of*e ordinary Winding andme extra wndmg. 
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The invention is not limited to the embodiments shown, but several variants 
feasible within the scope of the appended claims. 



